Abstract. The aims of the WET are: (1) A collaboration of people interested in asteroseismology and time-series measurements to discover the internal details of their observed objects. These objects are traditionally chosen from the classes of variable white dwarfs, but can and do include other interesting objects, like interacting binaries, Ap stars, and the newly-discovered sdBV pulsators. (2) World-wide, multi-site, simultaneous observations of astronomical objects with similar instrumentation and observing techniques. (3) A central interactive headquarters operating during each coordinated multi-site observation used as a control center for run planning, operations, and often, analysis.
INTRODUCTION
Steve Kawaler was originally scheduled to give the perspective of the WET Directorate. Due to his unfortunate and unavoidable absence from the Bonas Workshop, the present authors stepped into the gap at comparatively short notice. This paper is a summary of their presentation. We decided to write essentially separate contributions: SJK wrote Sections 3-5, DOD wrote Sections 2 and 6. Nevertheless, both authors accept responsibility for the entire paper.
RECENT WET SCIENCE
Since the last WET workshop in Koninki, Poland in 1997, there has been substantial progress. The study of G 29-38, based on more than 1000 h of observations has been published (Kleinman et al. 1998) . The pulsations of the DOV PG0122 have been described by O'Brien et al. (1998) .
In 1998 (XCOV16), the first study of the fascinating massive DAV, BPM 37093 (Pis: Kanaan, Kepler, Nitta and Winget), was carried out although definitive mode identification remained elusive. This star is so massive and so cool that a substantial fraction of its interior degenerate core is expected to be crystallized. Because of its importance, this star was re-observed in 1999 (XCOV17) with support from HST. Preliminary analysis of the results is presented elsewhere in these proceedings. In support of this last-mentioned effort, theoretical investigation of the pulsation properties of white dwarfs with crystallized degenerate cores has been presented in Mike Montgomery's PhD thesis.
WET is also beginning to expand the scope of its targets to include the recently discovered class of sdBV pulsators: the short period eclipsing binary PG 1336-018, which is also a low amplitude pulsator, was observed in XCOV 17 (Pis: Kilkenny and O'Donoghue). The aim was to detect rotationally-split m-modes and therefore deduce the rotational-splitting coefficient, Ck,e, under the very likely assumption that the sdB star's rotation is the same as that of the binary: ~0.1 d.
WHAT EXACTLY IS THE WET INSTRUMENT?
We were originally asked to give a talk on the future of WET instrumentation. Since we decided we could do that in three words (CCDs, CCDs, CCDs!), and since there are other important operational issues now confronting the successful continuation of the WET, we decided to expand the topic a bit and discuss the WET itself as an instrument. This first requires, of course, a definition of the WET, which is given above in the abstract. The difference between this definition and traditional dictionary entries, however, is that the true definition is only the combination of these three sub-entries. A single entry does not define the WET by itself.
We think there are a few other important reminders about the ingredients of the definition provided. The first entry says that the WET's goal is to use asteroseismology to explore the interiors of our target objects. It does not imply a specific method (ex. rapid timeseries photometry), nor does it imply a particular class of objects (although we have seen our best successes so far, with the white dwarfs). The second entry also does not make a distinction as to the observing method or instrumentation. The only constraint is that the instrumentation be as uniform as possible. The third entry has sometimes been overlooked, but we believe is a vital aspect of the WET and is indeed necessary for successful operations. In the age of high-speed Internet communication, the nature of the HQ has perhaps changed a bit, but despite occasional calls for an increasingly non-localized HQ (with members participating at their home site and connected to each other via the Internet), we feel the old-fashioned staffed-by-humans HQ is also an essential part of the WET mix. It is certainly true that the data reduction and plot producing can be done in a less-centralized fashion, but the true advantage of the traditional HQ is in the interaction of the staff members. It is traditionally a time where each HQ member can think of nothing but the WET data and can interact continuously with other WET collaborators. It is amazing the amount of ideas and potential science that comes out of the HQ during the run. It is also for this reason that the PI of each target should be at HQ during the run, lest the ideas spawned there be lost. Now, most of what we just said is probably obvious to many, but as our official Wise Guy is known to say, If it goes without saying, say it twice, we have another reason, however, for stating the obvious. And that is the WET needs to evolve to remain scientifically productive and we believe there is a clear evolutionary path consistent with the WET definition we've been implicitly acting on since XCOV 0.
THE CASE FOR EVOLUTION
We see two principal reasons for the need for WET evolution. It is hard to place them in order of importance, so we will start with the fact that most of our objects simply do not show the multitude of pulsation modes that are so necessary to repeat the successes of PG 1159 and GD358 (Winget et al. 1991 and 1994) . We cannot rely on revealing the telltale signatures of equal-frequency rotational splitting and equal-period radial overtone spacing in our data, no matter how efficiently the WET operates, simply because the stars do not all have enough modes to make these patterns evident. We therefore need to supplement (or replace) our traditional time-series approach which provides us with an all too scant set of periods, phases, and amplitudes by something else that will still allow us to obtain our ultimate goal of exploring our targets' interiors. There are already a few suggestions pointing us towards what could be the answer to this problem, but we will discuss those in the next section.
The second compelling grounds for WET evolution are CCDsand these are prompting us to evolve along several different fronts. Most obviously, the new generations of CCDs are remarkable efficient and can easily double our quantum efficiency (QE). With an additional increase in wavelength coverage, counts often triple or quadruple with a CCD vs. the best available photomultiplier-tube. With frame-transfer CCDs and peltier cooling, we can now easily consider making a portable time-series instrument with readout rates of 10s or less. Large telescope time and bright, interesting, targets being as difficult to obtain as they are, a doubling of our detector QE will significantly enlarge the pool of possible targets in our quest for the next PG 1159.
Just as we found evolving from a network of primarily 2-channel photometers to one of 3-channel instruments, the increased sky measurement capabilities of a CCD-based instrument, along with the new ability to dynamically choose an effective aperture size both during and after the observations, allow for more observing time per night (into and out of twilight) as well as more observing time per month (with more moonlight now being tolerable). Being more flexible in the length of nights needed as well as the time of month required will allow us to have greater success in our telescope application proposals.
Another fact not to be overlooked that will help in time allocation proposals is the psychological benefit of using a CCD instrument. In the past, when the rest of the astronomical world switched to CCDs and we remained with our photomultiplier tubes (PMTs), we often received criticisms for remaining with an outdated technology. Although our reasons were valid then (the existing CCDs were not very efficient in the blue, their readout times were typically not short enough to get the job done, and they could not easily be made portable and usable at some of our more remote sites), they aren't now and we will face increased, justifiable biases against PMTs from telescope allocation committees.
There is an additional outside impetus for a switch to CCDs: many observatories, presumably in a cost-cutting or efficiencyimproving step, are restricting, if not outright banning, the use of user-supplied instruments. Many telescopes are becoming dedicated single-instrument telescopes, usually equipped with some sort of an imaging CCD that may or may not be usable in a time-series mode. We will have no choice but to either accept the supplied instrument or lose access entirely to these telescopes. We will clearly gain if we can integrate such instruments into our network.
THE EVOLUTIONARY PATH
We do not suppose to have all the answers of how the WET should change to remain a vibrant scientific collaboration, and there are almost certainly paths still hidden from us that will become vitally important, but there are already some interesting possibilities we should start investigating now.
Mode-identification
Mode identification is necessary for successful asteroseismology. The approach that worked with PG 1159 and GD358 hasn't worked on very many other white dwarfs because there aren't many other stars with the number of simultaneously-excited modes that these two stars had. We thus can not rely on even the best WET run to dig up hundreds of modes in a white dwarf's power spectrum to start identifying. We need either a way to find more modes, or another method of mode identification. Including other kinds of rapidly pulsating stars in the observing program may enable us to skirt the issue. This will be discussed in Section 6. Nonetheless, several possibilities for the white dwarfs exist:
WET on large telescopes. Large telescope time is certainly hard to get, but if we can show that using 4m telescopes, for example, would decrease our detection limit enough to find additional low-amplitude modes that will enable our traditional mode-identification procedures to work, we can defend ourselves and should consider increasing our minimum usable telescope aperture. We are not saying this is necessarily the case, but it is an avenue to pursue.
WET and HST.
We have already seen from these proceedings in papers submitted by Kepler and Nitta that we can, at least in principle, apply the mode identification of Robinson et al. (1995) to make mode identifications for stars even with only a single mode. This approach makes use of the fact that limb darkening is a function of wavelength. That effect, combined with the different surface geometries of modes of different i, makes the run of mode amplitude vs. wavelength a reasonable i discriminator. The HST is used to get measurements in the ultraviolet, where the effect is the greatest. Work is still being done to calibrate this approach, but the prospects are promising. A combined WET and HST run, as a regular thing, may help ensure the needed mode identifications.
WET and huge telescopes. Van Kerkwijk, Clemens, and Wu (2000) and Clemens, van Kerkwijk, and Wu (2000) extended Robinson's approach and used one of the Keck telescopes to attempt mode identification on the DAV, G 29-38. In doing so, they replaced the increased wavelength coverage of the HST with the larger (dare we say "huge"?) signal to noise ratio of the Keck telescopes using the wavelength dependence of limb darkening to identify the star's modes. As with the HST approach, the amount of large telescope time needed is small, but we still need the WET run to supply accurate mode periods and amplitudes. The G 29-38 data in the described paper were only a few hours of observations. WET and extensive single-site. As we have seen with many stars, but particularly G 29-38 (Kleinman et al. 1998) and BPM 37093 (Kanaan 2000) , modes often appear and disappear from observing season to season. It is therefore possible to observe a star over many seasons, picking up a few modes each year to eventually obtain enough modes for an analysis similar to WET's two superstars: PG 1159 and GD358.
Non-linear mode identification clues. There are additional avenues of help possible in the many new non-linear ideas that are rapidly maturing. Instead of throwing away the combination modes (which often outnumber their non-combination parents) to concentrate on the few modes we actually understand, we may be able to use them to gain ^-identification insights. Examples include the work of Brassard, Fontaine & Wesemael (1995) and Wu (2000).
CCDs
There is not much to say here besides that the evolution to CCDs is nearly inevitable. Many groups within the WET already have, or are developing, their own CCD-based instruments, specifically designed for WET-style time-series measurements. Other sites in the network have switched to dedicated CCD instruments and we have already begun using them. The increase in QE and available observing time makes CCDs too attractive not to start using.
The problem is going to be uniformity. We have been fortunate in that most of the PMT-based instruments used in the WET today were built years before the WET started. There was therefore no need to outlay a large amount of money at once to equip the network with instruments, and the goal of uniformity arose fairly naturally over several years. New designs have been created, but it has been fairly simple to standardize the critical components of the PMTs themselves along with the amplifiers and electronics. We will not have that luxury with CCDs. In the foreseeable future, any WET network of CCDs will be largely inhomogeneous and we will have to learn to deal with that. Kanaan and O'Donoghue (these proceedings) outline some of the steps we have already taken to help ensure that we can operate with such a CCD network. One important component of this plan is the availability of a standard data set so observers can test their reduction software against what we have determined is the best possible reduction, matching theoretical limits of CCD photometry precision. We also have a few different software packages that meet this limit, so each WET CCD-user does not have to invent their own, if they don't want to. We have also specified a minimum set of hardware criteria that we hope will ensure compatibility between different instruments, but we will still have to test and develop things as we go along. Running a network with non-homogeneous instruments goes against one of the WET's founding ideals, but we do not believe we have a choice here. We will either have to adapt, or quit, and we do not yet think it is time to quit!
THE FUTURE OF THE WET INSTRUMENT
Is all the activity described in Section 2, and the prospects for the scientific future of WET outlined in Sections 4-5, sufficient to justify and secure the future of WET? Before addressing these questions, it is necessary to consider money. With a tightening funding situation in the US, and more and more emphasis on extragalactic astronomy (e.g. the shortest wavelength of any detector on NGST may be 1 micron, ruling out all "hot-star" astronomy), it is clear from the 40 per cent reduction in funding apparent in Table 1 that WET is losing "impact" with its traditional US bankers.
A "hard" review of WET science over the decade since its inception would argue that there have been two paradigm-changing studies carried out by the collaboration: the asteroseismological investigations of the DOV PG 1159 and DBV GD358 (Winget et al. 1991 (Winget et al. , 1994 . The balance of published work, while matching in quality most papers in any front rank astronomical journal, cannot be viewed as "paradigm-changing". It appears that the future of WET funding in the US will require further breakthroughs of this kind to be achieved. What prospects are there for this? Of the traditional targets of WET, the white dwarfs, only BPM 37093 shows the required promise, and provided that the present mode identification ambiguity can be resolved. Mode identification remains the most serious obstacle to achieving the goals of asteroseismology for the white dwarf stars. Notwithstanding the approaches listed in Subsection 5.1. to solving this problem, it is desirable that WET should also explore other asteroseismological fields in search of paradigmchanging results. The sdBV PG 1336-018 may provide a rich harvest of results. Rapidly oscillating Ap stars such as HR1217 are surely also worthy of scrutiny.
What if US funding fails? This will not force WET to shut down. A significant fraction of WET efforts are funded locally at the various WET sites. However, WET HQ operations would have to be substantially less ambitious than at present because the funds to assemble the HQ team will not readily be available. In addition, visits to common-user observatories (e.g. CTIO) may no longer be possible, and the key site of Hawaii will almost certainly be inaccessible. Instrumental development, already at a standstill, cannot be contemplated.
